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THF.sIS ABSTRACT 
Kerstetter, Rex E. 1963. Some effects of localized, acute X-irradi-
ation upon the translocatory system of Helianthus annuu.s L. 
Stems of sunflower (Helianthus annuus L.) seedlings were exposed 
to localized, acute X-irradiation in an effort to detennine effects of 
such treatment upon the vascular tissues. Exposed stem sections received 
l.500, 3000, or 9000 r in initial testing. Treated plants containing 
anthocyanin pigmentation in irradiated zone displayed a non-pigmented 
band within 4 to 5 days following exposure of a sufficient dosage. The 
diameter of irradiated zone soon became noticeab]y smaller than surround-
ing sections following the appearance of chlorosis. By the end of the 
fourth week, root papules were observed developing from the swollen re-
gion located above the site of irradiation. 
Anatomical studies of irradiated region showed that the vascu-
lar system failed to develop. Only a thin layer of :xylary and phloic 
tissue extended through the irradiated zone. Vascularization which 
occurred generally was disorganized or located in isolated strands with-
in the original vascular bundles. Transverse sections from above and 
below the irradiated zone showed that vascularization was indirectly 
affected as a result of changes in the exposed zone. 
Analyses indicated that the exposed zone contained less carbo-
hydrates than the zone above, but not always less than tissues below 
exposed zone. In general the evidence obtained seemed to warrant the 
conclusion that some movement of soluble carbohydrates into the irradi-
ated zone occurred. 
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INTRODUCTION 
In most plants a large proportion of the living cells do not 
contain chloroplasts. Such non-chloropeyllous cells are dependent upon 
those cells of the plant which can produce the essential carbohydrates 
needed for growth and respiration. As many non-green cells are remote 
from photosynthesizing cells, a more or less continuous movement of 
soluble carbohydrates from the chlorencbyma through intervening tissues 
is necessary. Movements involving soluble carbohydrate transfer are 
but one example of a number of kinds of solute translocation occurring 
in plants. In addition to the movement of assimilates and various re-
spiratory products, the movement of water and dissolved salts must also 
occur. 
Such movements of solutes within plant s has stimulated innumer-
able investigations concerning both the mechanism and causal factors. 
Results from such studies have produced many conflicting ideas and 
opinions. The challenge of diverging concepts stimulated the proposal 
of the present study. Much early work in translocation studies in-
volved ringing (removing either xylary or phloic tissue or both), 
grafting, and other manipulation of the experimental plants. The us-
age of localized, acute X-irradiation of the stems of the common 
sunflower (Helianthus annuus L. ) was incorporated in this study in an 
effort to provide a different approach to the understanding of trans-
location. Two major areas of investigation were involved. Of prime 
interest were the effects of localized irradiation upon the conducting 
elements of the stem. A second concern was the effect of anatomical 
2 
changes produced in the stem following irradiation upon the distribu-
tion of carbohydrates. 
The connnon sunflower is a monocarpic plant which completes its 
life cycle within one growing season. 'Ihe two cotyledons produced are 
epigeous and are followed by several pairs of decussate leaves. Vari-
ous irregularities in phyllotax:i.s ruzy- be observed higher on the plant, 
but usually the leaf arrangement changes from decussate to same spiral 
system, usually 2/5 or 3/8. Though buds are present in the axils of 
the leaves, these seldom make appreciable growth and consequently have 
little effect on the general anatomy of the shoot. 
In addition to the fact that sunflower seeds germinate rapidJ.y 
following planting, the large vigorous seedlings produced are advan-
tageous for transplanting purposes. Their vegetative growth appears 
to be unaffected by varying photoperiods present in a greenhouse during 
the short days of the Winter months. For these reasons, the common 
sunflower was considered the appropriate selection for use in the pres-
ent study. 
RELATED LITERATURE 
Several good reviews are available pertaining to the literature 
on the subject of translocation in plants. Curtis (1935) summarized 
evidence indicating the transport of organic matter, nitrogen, and dis-
solved salts in phloic and xylary- tissues and included discussion of 
the major theories regarding such movement. He reviewed work as early 
as 1679 when Malpighi had concluded that nutrient sap flows both upward 
and downward in stems through vessels occurring in both wood and bark. 
Perhaps the most numerous and thorough ringing experiments are 
those performed by Curtis (1935). Notwithstanding this background of 
research and experience, Curtis cautioned against the unhesitating ac-
ceptance of ringing demonstrations because, when tissues are cut, the 
normal movement of solutes is disrupted and growth changes result. 
FolloWing a series of ringing exper iments upon woody plants, Curtis 
concluded that cutting the phloem prevented food transfer, whereas cut-
ting the xylem permitted approximately normal food transfer . That the 
cambium is not necessary for transport was indicated by experiments in 
-which both xyl em and cambium were removed. 
In a much more comprehensive review, Crafts (1961) presented 
problems encountered by plant physiologists in the understanding of 
translocation mechanisms. Included in Crafts• discussion are the con-
tributions made by t he use of viruses, indicators, growth regulators, 
and radioact ive tracers in studying translocation in plants . Much of 
Craft's own work reviewed involved translocation of herbicides. The 
labeling of herbicides by the incorporation of c14 in the molecule has 
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pennitted Crafts and various other investigators to prepare autoradio-
graphs that give an accurate and detailed picture of the distribution 
of the tracer. Following autoradiographing, such treated plants mey 
be fractionated, extracted, and chromatographed to detect changes made 
by the tracer during its uptake and distribution. 
Most investigators regard sucrose as the only form in which 
carbohydrates are translocated in plants. Swanson and El-Shishiny 
(1958), using cl-402 in tracer studies, reported that sucrose was the 
only sugar rapidJ.y translocated in grape canes, although sucrose, glu-
cose, and fructose were present in stem samples analyzed. Others 
reporting sucrose as the major sugar transported in the phloem included 
Engard (1939), ~onard (1939), and Loomis (1945). 
Zimmermann (1957) compared phloem exudate from 16 tree species 
of 11 families. In addition to sucrose, Zimmermann noted the presence 
of raffinose, stacbyose, and verbascose. Sucrose was the major sugar 
transported, but in some tree species such as white ash much of the 
sieve tube sugars were raffinose and stacbyose. 
Bohning, Swanson, and Linck (1952) reported the influence of 
varying hypocotyl temperatures, from 7 to 40 c, upon growth of bean 
seedlings. While an optimum temperature for stem elongation was de-
tennined to be 33 o, no reproducible trend in root growth was observed 
which could be related to hypocotyl temperature. 
Wiebe and Kramer (1954) used p32, Rb86, rl31, s35, aa45, and 
sr9° to study the uptake and movement of minerals by barley roots. 
Steam ringing reduced both upward and downward movement only of phosphorus 
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and occurred in association with organic compounds. Wiebe and Kram.er 
reported that killing tissue in one part of the root affected translo-
cation throughout the root as well as through the dead tissue. 
Weintraub and Brown (1950), investigating the movement of growth-
regulators through leaves and stems of bean seedlings, reported that 
downward transport appeared to be restricted to living cells. Their con-
clusion was based on the lack of basipetal conduction through a region 
of the stem which had been killed by a localized flame treatment. Tis-
sue enlargement and sometimes root formation occurred just above the 
killed zone. 
The first usage of localized stem irradiation was reported by 
Christensen (1954) of the Brookhaven National Laboratory. ihlle noting 
that adventitious roots had been produced artificially when treated by 
such substances as ethylene, propylene, acetylene, and carbon monoxide, 
Christensen found that a similar response could be produced by exposing 
a short segment of an otherwise protected stem to X-irradiation. The 
rooting response was studied chiefly in cocklebur (Xanthium sp.) with 
swelling and root production occurring in plants receiving 1500 to 
12,000 roentgens. The behavior of the irradiated cocklebur plants was 
described in the following manner: 
A stem sector of Xanthium with such an effective 
dosage shows no visible effect for about two weeks when a 
slight chlorosis of the irradiated zone appears. At about 
three weeks, the irradiated zone is decidedly narrower than 
the regions above and below it, apparently because growth is 
slower there than in the unirradiated parts of the stem. Some 
swelling occurs in the untreated part of stem immediately 
above the irradiated area. In the fourth post-irradiation 
week, the swollen region displays small papules which develop 
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into normal roots if a sufficiently humid environment is pro-
vided. 
The mechanism of this response is being investigated. 
The gross aspect of the plant suggests that a phloem block 
occurs at the radiation site which impairs downward transport 
beyond that point. An accumulation of the organic materials 
carried by the phloem would thus occur above the irradiated 
area •••• the upward transport of water· through the radiation 
site seems unaffected since the plant above this area displays 
no signs of wilting. 
Christensen emphasized that the height of the cockleburs receiving 
localized irradiation was apparently unaffected compared to control 
plants. Gunckel (1957), in a symposium on the morphological effects 
of ionizing radiation on plants, suggested that the swelling and ad-
ventitious root production may be due to a local mobilization of 
nutrients and auxin. 
Webb and Hodgson (1960) used localized irradiation of leaf peti-
oles in an effort to study the function of the companion cells in the 
translocation process. While companion cells are nucleated cells and 
as such are more radiosensitive than the enucleate sieve tube elements, 
Webb and Hodgson found that localized irradiation produced no detect-
able effect on the translocation system. Phosphorus32 and carbon14 
were used as tracers in determining the amount of translocation activ-
ity. Webb and Hodgson concluded their study by questioning the role 
of companion cells. The radio-resistance of the translocation pathway 
was used as further evidence indicating the enucleate sieve tube as 
the major connector between regions of supply and those of utilization. 
The anatorrw and differentiation of vascular tissues of Heli-
anthus annuus was discussed by Priestly and Scott (1936). Most 
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emphasis was given to the development of the vascular tissues of the 
stem. Esau (1945) presented further information regarding the vascu-
larization of the shoots of sunflowers. 
Anatomical and morphological abnormalities of Helianthus annuus 
induced by seed and seedling exposure to X-irradiation was investigated 
by Johnson (1926). A very consistent effect of X rays upon seedlings 
was the fasciation of stems, leaves, and flowers. Transverse sections 
of the hypocotyl region of mature plants which were grown from irradi-
ated seeds were found to have a great increase in the amount of :xylary 
tissue and a corresponding decrease of pith cells as compared to control 
plants. Also, :x;y-lary cells of irradiated plants were found to be smaller 
and more uniform in size in eomparison to the xylem of control plants. 
Ieonard (1936) noted carbohydrate fluctuations of floral and 
vegetative tissues of sunflower plants. Sucrose was found primarily 
in wooey- tissues while simple sugars were stored in the pith. Acid-
bydrolyzable materials were important constituents of the wooey- tissues. 
METHODS OF STUDY 
Seeds of common sunflower were planted in a germinating vat 
containing a mixture of soil and sand in the Fort Hays Kansas Stat e 
C.Ollege greenhouse. The soil-sand mixture was predominant]y sand in 
order to e:xpedi te the transplanting of seedlings to be irradiated. 
After 10 to 12 days following gennination, the soil-sand miXture was 
saturated with water, the seedlings removed, washed to dislodge most 
of the soil-sand mixture clinging to the roots , and placed on trays . 
Transpirational loss by the seedlings was minimized by carefuJ.J.y wrap-
ping the plant s with moistened cloths. 
Seedlings were taken to Hadley Memorial Hospi t al of Hays , Kan-
sas for the localized, acute X-irradiat ion treatment. The X-ray 
machine employed (Fig. 1) was a Westinghouse full- wave, deep-therapy 
unit, e:xposing the seedlings to 200 kv (peak ), 20 ma X-irradiat ion 
with an inherent 3 mm of aluminum. filtration. Lead-rubber shielding, 
1/8 inch thick, was placed so as to protect all plant t i ssues except 
a short section of the stem in the hypocotyl region t o be irradiated 
(Fig. 2). While both the epicotyl and hypocotyl regions responded 
similarly to this treatment, only the hypocotyl irradiated seedlings 
were used for comparative study purposes for sake of uniformity. 
Different levels of irradiation were utilized with a dosage 
rate of 491.4 r/min (approximate]y 2 per cent variation) surface irra-
diation at a distance of 25 cm. Initially, three groups of seedli ngs 
were tested at the 1500, 3000, and 9000 r dosage levels. Lat er, 
Fig. l. Above, general view of Westinghouse X-ray machine used for 
treating sunflower seedlings; below, close-up showing place-
ment of seedlings for treatment. 
9 
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Fig. 2. Placement of lead-rubber shielding for the protection of plant 
tissues not to be irradiated. 
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in order to determine the lowest effective dosage level, gradations 
of 100 r between 1500 and 3000 r were used. Following irradiation, 
the seedlings were transplanted to a planting bench containing a rich 
loaII\Y soil in the greenhouse (Fig. 3). Non-irradiated control plants 
were transplanted in rows adjacent to treated seedl·ings. 
The first series of irradiated plants were allowed to grow for 
a period of 7 weeks following treatment during which general morpho-
logical changes produced by irradiation were observed. With the 
tennination of t his period, a soil volume of 368 cm3 containing the 
roots of plants from each of the non-exposed and 3000 rand 9000 r do-
sage levels was removed • .After removal, the samples were carefully 
washed free of soil by means of a fine water spray and, following dry-
ing, the roots were stored in soil sample cans until weighed. Three 
additional series were irradiated and were allowed to grow for periods 
of 6 weeks or less following treatment. Irradiated and control stem 
sections were collected for anatomical comparisons and for carbohydrate 
analyses. 
Sections used for anatomical comparisons were first placed in 
stoppered glass vials containing formalin-aceto-alcohol for killing 
and preservation according to Johansen (1940). Techniques suggested 
by Johansen (1940) were also followed for embedding, sectioning, and 
staining. Paraffin blocks containing the stem segments were placed 
in a rotary microtome for sectioning. Most sections were sectioned 
at a thickness of 12 to 15 microns; in certain instances, however, 
sections as thick as 20 microns were necessary. Sections were mounted 
Fig. 3. General view of sunflowers in greenhouse after 5 weeks of 
growth follow'ing irradiation. 
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on slides using Haupt•s adhesive with safranin O and fast green FCF 
being used for staining purposes. Upon the completion of staining, 
the sections were mounted in Kleennount1 and allowed to dry for 2 to 
3 weeks. 
For the carbohydrate determinations e:xposed ·sections, the 
length dependent upon the width of the e:xposed zone, and sections of 
equal length immediately above and below were removed and stored in 
stoppered glass vials containing 95 per cent ethanol. The carbohy-
drates detennined were reducing sugars, sucrose, and acid-bydrolyzable 
reserve polysaccharides. After coarse grinding, each sample was ex-
tracted with 85 per cent ethanol. The solut ion was heated on a hot-plate 
below boiling and stirred occasional]y. After 1 hour of extraction, 
the solution was filtered through a Buchner funnel, rinsing the beaker 
and residue with 85 per cent ethanol. The sucrose and reducing sugars 
were dissolved in the alcohol-water solution while the polysaccharides 
remained in the residue. 
The alcoholic extract was evaporated i n a 100 ml beaker to 
near dryness and until the odor of alcohol had disappeared. Sometimes 
the addition of distilled water was necessary to prevent the filtrate 
from becoming dry. The solution was cleared by the addition of 2 ml 
of barium hydroxide and 2 ml of zinc sulfate solution with agitation 
following the addition of each reagent (Moyer and Holgate, 1948). 
The contents of the beaker were then filtered into a graduated cylinder. 
1Tradernark of Carolina Biological Supply Co., Elon College, 
North Carolina 
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The precipitate remaining on the filter was washed with a fine stream 
of water until a filtrate of 25 ml was attained. 
A modification of Forsee 1s photocolorimetric ferricyanide meth-
od by Morell (1941) was used for quantitative determination of reducing 
sugars and sucrose present. Two ml of the cleared sugar and 25 ml of 
the alkaline ferricyanide reagent were pipetted into test tubes and 
heated in a boiling water bath. After being heated for exactly 10 min-
utes, the test tubes were removed and cooled in running tap water for 
10 minutes. By shaking gently, the contents of the test tubes were 
mixed and then transferred to colorimeter test tubes. A Bausch and 
Lomb coloriJ:neter, using a wave length of 420 m , was used to detennine 
the amount of color change which occurred. The readings were compared 
to a standard glucose curve and reported as per cent reducing sugars 
per gram fresh weight of stem section. 
To detennine total sugars present, inversion of 5 ml of cleared 
sugar solution was completed by adding 10 ml of 1 N hydrochloric acid 
and immersing in a boiling water bath for 10 minutes. The solutions 
were cooled and then neutralized by 10 ml of 1 N sodium hydroxide. The 
amount of sugar present was determined as described above with t he dif-
ference between the total sugars and reducing sugars being reported as 
sucrose. The readings were corrected by dividing by the factor 0.95. 
Reserve polysaccharides were extracted from the residue remain-
ing after the reducing sugars and sucrose had been extracted. These 
carbohydrates were extracted by using 30 ml of 0.25 per cent oxalic 
acid for 1 hour at about 80 C (Sprague and Sullivan, 1950). The 
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solution was then filtered and the residue washed with water into a 
graduated cylinder. Five drops of taka-diastase were added per ml of 
filtrate to complete hydrolysis (Choguill and Dodd, 1959). The con-
tents were washed into a 250 ml flask, stoppered, and allowed to remain 
at room temperature overnight. The digested polysaccharide solution 
was filtered and ana.J.yzed for reducing sugars. Since the polysacchar-
ides were hydrolyzed, a digestion factor of 0.90 was used to correct 
the readings in glucose units. Although similar studies using oxalic 
acid for extraction of reserve polysaccharides (Choguill and Dodd, 1959; 
·sprague and Sullivan, 1950) reported t he carbohydrates extracted and 
hydrolyzed as starch and fructosan, no attempt to do so will be made 
in this study. 
The mg of sugar present in each ml of solution were determined 
by comparing the readings of the colorimeter to the standard sugar 
curves. Through the use of dilution factors, the mg of sugar present 
in each gram of fresh stem material were calculated and the percentage 
of each sugar fraction determined. 
RESULTS AND DISCUSSION 
Localized, acute X-irradiation of stems of the sunflower seed-
lings produced visible morphological changes as well as markedly 
affecting t he development of t he vascular tissues. When carbohydrate 
analyses were completed, differences were also noted when the exposed 
sections were compared to sections immediately above and below. A com-
parison of the r esults in each area indicated that the transport 
system of the plant was significantly affected by irradiation. 
Effects on Ex:ternal Morpholoey. 
While the general morphology of the sunflower was unaltered 
by localized irradiation, the noticeabl e changes that did occur 
were aJmost complete1Y restricted to the treated zone and adjacent 
sections of the stem. Here, the site of irradiation appeared as a 
non-pigmented band in stems having anthocyanin pigmentation, usually 
within 4 to 5 days following treatment (Fig. 4). In plants which lacked 
anthocyanin pigmentation, a chlorotic band usually did not become evi-
dent until the end of the first week or even l ater . Only when the 
exposed zone was in the epicotyl region and apical tissues were included 
within the treated zone were gross morphological changes evident. In 
such plants, growth activity of the apical meristem was terminated and 
axillary buds became activated (Fig. 5). These plants, being less 
vigorous than surrounding plants, generally died before the end of t he 
observation period. 
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Fig. 4. stem of sunflower seedling showing non-pigmented band at irra-
diation site after a week's growth following treatment. 
18 
Fig. 5. Sunflower seedlings after 3 weeks of growth following irra-
diation of epicotyl region of stem; right, plant showing loss 
of apical dominance. 
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Some indentation in the exposed zone as compared to the zone 
immediately above was discernible shortly after chlorosis became pro-
nounced. By the end of the fourth week following irradiation, root 
papules could be detected developing from the greatly enlarged section 
above the exposed zone (Fig. 6). The root papules produced normal]y 
obtained a maximum growth of 3 to 5 mm. Only when the section above 
the exposed zone was located near the soil surface did the root pa-
pules show continued growth (Fig. 7). 
Evidence of the structural weakness of the exposed zone was 
indicated by lodging requiring support of such plants. Growth of ir-
radiated plants, however, was at a rate comparable to that of control 
plants. 
Late in the study period, swelling of tissues above the exposed 
zone occasionally produced long vertical l esions in the epidermal and 
cortical tissues of the irradiated zone. At this time, the swollen 
sections commonly had a diameter which was twice that of the section 
below the exposed zone while the diameter of the e:xposed zone was less 
than the zone below. 
1be level of I-irradiation producing definite swelling was de-
termined to be at approximately 2200 r (Table I). Below t he 2200 r 
dosage level, the number of plants showing a strong response rapidly 
decreased. Significantly, some plants receiving higher dosages of ir-
radiation showed only a slight response or no r esponse at all. Evidently, 
these plants were more resistant to treatment, or placement during treat-
ment was such that some degree of protection was afforded. 
20 
Fig. 6. Stem of sunflower seedling ai'ter 4 weeks of growth following 
irradiation; note root papule emerging from swollen zone. 
21 
Fig. 7. Sunflower plant showing development of roots from above irra-
diated zone after 7 weeks of growth following treatment; 
irradiated zone located very close to soil surface. 
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Table I. Comparison of responses of sunflower seedlings after 4 weeks 
of growth following exposure to varying dosages of localized, 
acute X-irradiation 
Dosage Plants showing Plants showing No 
level* definite swellin~ light-colored bands res.eonse 
1600 0 7 3 
1700 1 7 2 
1800 0 9 1 
1900 3 6 1 
2000 5 4 1 
2100 6 4 0 
2200 9 1 0 
2300 9 1 0 
2400 9 1 0 
2500 9 1 0 
2600 7 1 2 
2700 10 0 0 
2800 10 0 0 
2900 9 1 0 
*In roentgens with approximately 2 per cent variation 
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Effects on Vascularization. 
'Ihe most important effect of irradiation was a general inhibi-
tion of cell division. Since vascularization at the time of irradiation 
consisted almost entirely of primary :xylem and phloem, a reduction in 
cell division would result in the diminution of secondary growth. Any 
reduction of the vascular tissues would interfere with the transloca-
tory system of the plant due to the involvement of :xylem and phloem as 
the principal conduits for solute movement in plants. A knowledge, 
therefore, of the amount of vascularization in the exposed zone as com-
pared to that of adjoining sections of t he stem is necessary. 
In determining the extent of secondary growth, observations of 
transverse and longitudinal sections of the irradiated zones of the stem 
were made. Cells produced by the apical meristem are arranged with 
little or no seriation in any direction, t he exception being that pro-
duced by a predominance of anticlinal divisions in the outermost lcyers 
(Priestley and Scott, 1936). "With the advent of the meristematic re-
gion known as the cambium, transverse sections showed cells in this 
region which were radially seriated. 'Ihe lateral expansion by the fas-
cicular cambimn and later, the interfascicular cambium, results in the 
enlargement of the periphery of the vascular cylinder. 
Significant differences in vascular development could be ob-
served by the third week following irradiation. While the vascular 
tissues above the site of irradiation showed extensive development (Fig. 
8), on]y slight vascularization was evident in the exposed zone (Figs. 
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9, 10). The development of the vascular tissues in the zone below 
the exposed zone was considerab]y less than that above the exposed 
zone (Fig. 11). The vascular system in the exposed zone consisted of 
wide]y separated vascular bundles, whereas transverse sections of the 
zones above and below showed that the fascicular and interfascicular 
cambimn have joined to produce a continuous ring. 
Transverse sections of the irradiated tissues and sections 
above and below became even more contrasting by the seventh week fol-
lowing irradiation (Figs. 12, 13, 14). The vascular tissues of the 
irradiated zone showed evidence of only a slight amount of further 
differentiation and little or no radial seriation (Figs. 15, 16) ; how-
ever, limited amounts of vascularization sometimes appeared within the 
original vascular bundles (Fig. 17). Cell division and differentiation 
in these isolated bundles, though highly disor ganized, may have occur-
red as a result of sufficient protection being provided by surrounding 
lignified cells at the time of irradiation. The interfascicular cam-
bimn of stem sections above and below the exposed zone displayed a 
high degree of regularity with regard to seriation and development, 
with the sections above the zone of irradiation being much more exten-
sively developed (Figs. 18, 19). Xyla.ry tissue in the zone above 
exposure exhibited the greatest increment. 
The relationship of the :xylem and phloem as seen in longitu-
dinal sections was markedly altered as compared to the parallel 
arrangement found in unexposed sections (Fig. 20). These sections 
showed a constriction of the :xylem and phloem as the vascular tissues 
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Fig. 8. Transverse section showing vascularization of sunflower stem 
above exposed zone after 3 weeks £ollow.Lng treatment X210. 
26 
Fig. 9. Transverse section ot: sunflower stem showing isolated vascu-
lar bundle found in exposed zone after 3 weeks of growth 
following irradiation X230. 
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Fig. 10. Transverse section of sunflower stem showing extent of vas-
cu.larization in exposed zone after 3 weeks of growth following 
irradiation X220. 
28 
F.ig. ll. Transverse section of sunflower stem showing extent of vas-
cularization below exposed zone after 3 weeks of growth 
following treatment X220. 
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Fig. 12. Transverse section of sunflower stem showing extent of dif-
ferentiation of vascular tissues within original vascular 
bundl.e above zone of irradiation 7 weeks after treatment 
:x210. 
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Fig. 13. Transverse section of sunflower stem showing extent of dif-
ferentiation of vascular tissues within original vascular 
bundle in the zone of irradiation 7 weeks after treatment 
X210. 
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Fig. 14. Transverse section ef sunflower stem showing extent of dif-
ferentiation of vascular tissues within original vascular 
bundle below zone of irradiation 7 weeks after treatment 
X210. 
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Fig. 15. Transverse section of s'llllflower stem shoWing extent of vas-
cuJ..arization Within zone of irradiation after 7 weeks of 
growth following treatment )(210. 
33 
Fig. 16. Transverse section of sunflower stem showing extent of vas-
cularization within zone of irradiation after 7 weeks of 
growth following treatment X210. 
34 
F.i.g. 17. Transverse secti0n of sunflower stem showing limited vascu-
larization within original vascular bundle in zone of 
irradiation after 7 weeks of growth following treatment; 
note absence of interfaseicular cambium J0..40. 
35 
Fig. 18. Transverse section of sunflower stem showing development of 
interfascicular cambimn below zone of irradiation after 7 
weeks of growth following irradiation XJ..20. 
36 
Fig. 19. Transverse section of sunflower stem showing development of 
inter!ascicular cambium above zone of irradiation after 7 
weeks of growth following irradiation n5o. 
37 
Fig. 20. longitudinal section of sunflower stem showing normal arrange-
ment of :icy-lem and phloem X230. 
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were traced from above into the irradiated zone. Usually the reduc-
tion of vascular tissues occurred abruptly wit h on}y a thin layer of 
:xylem and phloem continuing into the exposed zone (Figs. 21, 22, 23, 
24). 
Above the exposed zone, longitudinal sections consistent}y 
showed a signii'icant increase in the thickness of the vascular tissues . 
A second feature was the localized thickening of the cambium, or its 
immediate derivatives, which eventually produced root papules that ap-
pear later at the surface of the stem (Figs. 25, 26). The production 
of the root papules was limited to a short distance above the site of 
irradiation. Location of such growth seemed to indicate that the phloem 
possessed either a richer carbohydrate content or auxins which stimu-
lated cell growth and division, or perhaps both. 
The important, effects of localized stem irradiation upon the 
vascular system of the plant can be summarized. First, only a slight 
amount of :xylem was produced in the irradiated zone following treat-
ment. After irradiation most of the :xylary tissue produced was located 
in isolated bundles which appeared to be protected by lignified cells 
at time of irradiation. Xylary tissue in the exposed zone probably re-
mained functional as such cells are enucleate at maturity and have lost 
t heir cytoplasmic contents. That the .xylem was able to permit suffi-
cient transport of water through the irradiated zone is suggest ed by 
the irradiated plants' showing no detectable difference in growth rate 
as compared to control plants. Also, irradiated plants had no greater 
tendency to wilt during the day than did the control plants. Whether 
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Fig. 21. Longitudinal section of sunflower stem showing reduction of 
:xylem and phloem in upper portion of irradiated zone after 
4 weeks of growth following treatment X225. 
4o 
Fi.g. 22 . Longitudinal section of sunflower stem showing reduction of 
zylem and phloem in upper portion o:f irradiated zone after 
4 weeks of growth folloWing treatment 1210. 
Fig. 23. Longitudinal section of sunflower stem showing reduction of 
xylem and phloem in upper portion of irradiated zone a.fter 
4 weeks of growth following treatment Xl.30. 
F.i.g. 24. Longitudinal section of sunflower stem show.i.ng reduction of 
~lem and phloem in upper portion of irradiated zone after 
4 weeks of growth folloWing treatment X220. 
Fig. 25. Longitudinal section of sunflower stem showing initial 
development of a root papuJ.e in zone above site of irra-
diation after 3 weeks of growth following treatment X220. 
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Fig. 26. Longitudinal section o:f sun:flower stem shoWing enlarging 
root papule in zone above site of irradiation after 3 
weeks of growth folloWing treatment X220. 
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or not the minute quantity of phloem present in the e:xposed zone was 
active needs to be investigated. Finally, lack of normal vascular de-
velopment in the irradiated zone appeared to be a causal factor in 
producing marked changes in the vascularization of adjoining stem sec-
tions. 
Effects on Carbohydrate Distribution. 
'With distinct vascular as well as external changes occurring 
in the irradiated zone and surrounding tissues, significant variations 
in carboby"drate content in the different zones were also noted. Since 
chlorosis had been produced by irradiation, the presence of carbohy-
drates in tissues of the e:xposed zone were dependent upon the movement 
of carbohydrates from regions capable of photosynthesis. Normal move-
ment of soluble carbohydrates would be e:xpect ed to occur from the 
principal photosynthetic tissues of the plant, the l eaves, downward 
through the stem toward the roots. Although hourly variations in car-
boby"drate content are to be anticipated as the sunflower seedlings 
were growing rapidly, these deviations should not cause wide fluctu-
ations in concurrent stem sections. 
In comparing data presented in Table II, the zone above the 
site of irradiation consistently had the highes t total carbohydrate 
content. In all samples collected, the total carboby"drates detennined 
in the exposed zone ranged from 42.7 to 67.6 per cent of the quantity 
found in the zone above. While the exposed zone generally had the low-
est carbohydrate content, certain exceptions could be observed, 
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particularly in comparison wi. th the zone below. Reducing sugars in 
the exposed zone ranged from 17.9 per cent to as bigh as 98.2 per cent 
of the amount of reducing sugars found in the zone above. Reducing 
sugars in t he sections below the irradiated zone were only slight]y 
greater than the amounts found in the irradiated z·one. An exception 
to tbis pattern was obtained from the samples collected 40 days f ollow-
ing treatment . Here, the exposed zone contained 10. 3 per cent more 
reducing sugars than did t he zone below. 
Content of sucrose in t he different zones showed simil ar wide 
variations. Sucrose in the exposed zone ranged from 6.9 to 76.6 per 
cent of the amount of sucrose found i n the zone above irradiation. 
Samples collected 32 days following treatment indicated more sucrose 
in the exposed zone than below, but the sucrose content above t he ex-
posed zone was 113. 4 per cent greater than i the exposed zone. 
Reserve polysaccharides were much more uniform in the different 
zones, with the content in the exposed zone being from 56.6 to 91.5 
per cent of t he amount present in the zone above irradiation. Reserve 
po]ysaccharide content in the zone below the site of irradiation was 
16.9 per cent less than that found in the exposed zone in samples col -
lected 40 days after treatment. 
In general the evidence seems to warrant the conclusion that 
some movement of the soluble carboh;ydrates into the irradiated zone 
from the zone above occurs. 'Ihe method of such movement remains ques-
tionable as t he phloem in the irradiated zone was quite l imited and 
may not even be functional. Explanation of t he storage of insoluble 
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Table II. Per cent reducing sugars, sucrose, and reserve polysacchar-
ides found in stem sections of sunflowers exposed to localized, 
acute X-irradiation and sections immediate]y above and below 
compared to unexposed control plants* 
Period Reducing Sucrose Reserve Total 
following sugars polysaccharides carbohydrates 
treatment 
21 days 
above 2.40 1.15 3.52 1.07 
e:xposed .68 .08 3.11 3. 87 
below .91 1.00 3.31 5.22 
control .54 1.14 2.59 4.27 
28 days 
above .56 3. 47 4.38 8.41 
exposed . 55 2.66 2.48 5. 69 
below . 67 3.32 3.45 7.44 
control . 67 3.13 4. 01 7.80 
32 days 
above 1.56 3.39 3.72 8. 67 
e:xposed . 56 1.12 2.02 3.70 
below .66 • 78 3.07 4.51 
control .63 2.21 2.91 5.75 
36 days 
above 1.67 3.63 3.69 8.99 
e:xposed . 30 1.71 2.26 4.27 
below .38 2.02 2. 68 5.08 
control .48 2.60 1.59 4.67 
(continued on next page) 
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4o days 
above 2.09 1.91 3.41 7.41 
exposed 1.39 .41 3.12 4.92 
below 1.26 .64 2.59 4.49 
control .92 .89 4.10 5.91 
*Data based on fresh weight of tissue 
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carbohydrates in the exposed zone presents a second question. Are the 
cells of this zone physiologically active? Or is there a general de-
terioration of the structural components of these cells resulting in 
t he f ormation of carbohydrates that could be determined by methods uti-
lized? Since t he zone below t he exposed zone contained chlorophyll and 
sample collections were made in the afternoons, tissues of this zone 
would be expected to have a slightly greater carbohydrate content. 
That t he total downward translocat ion of photosynthat e was re-
duced by t he localized irradiation was shown by the development of the 
root system of irradiated plants. When uniform soil volumes contain-
ing roots of irradi ated and control plants were compared, a significant 
reduction in root production can be seen (Fig. 27). Dry weight compar-
isons showed a 42 per cent decrease in root production of irradiated 
plants. However, no significant differences between the dry weights 
of plant s receiving 3000 and 9000 r were evident. 
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Fig. 27. Comparison of root systems from uniform soil volllllles of irra-
diated plants (left 3 plants) and control plants (right 2 
plants). 
SUMMARY 
Stems of sunflower seedlings were exposed to localized, acute 
X-irradiation in an effort to determine the effects of such treatment 
upon translocation through the hypocotyl region. Anatomical compari-
sons of exposed and non-exposed stem sections were completed as a 
similar study recorded in literature suggested a phloem blockage oc-
curring at the site of irradiation. Carbohydrate content of the exposed 
zone and sections :immediately above and below were compared. 
Using a dosage rate of 491.4 r/min, exposed stem sections re-
ceived 1500, 3000, or 9000 r in initial testing. Later, gradations 
of 100 r between 1500 and 3000 r were utilized in an effort to deter-
mine the lowest effective dosage level. Following transplanting to a 
planting bench in the Fort Hays Kansas State College greenhouse, treated 
plants were observed and compared to control plants. Stern sections 
were collected at varying periods following treatment for anatomical 
and carbohydrate comparisons. 
Treated plants containing anthocyanin pigmentation in irradi-
ated zone displayed a non-pigmented band within 4 to 5 days following 
exposure to the 3000 and 9000 r dosage levels. Plants lacking antho-
cyanin pigmentation did not show any reaction until the end of the first 
week, or even later, when a chlorotic band began to appear. The dia-
meter of the irradiated zone soon became noticeably smaller than 
surrounding sections following the appearance of chlorosis. By the 
end of the fourth week, root papules were observed developing from 
the swollen region located above the site of irradiation. 
Anatomical studies of the irradiated region showed that t he 
vascular system failed to develop. Only a thin layer of ::icy-lem and 
phloem extended through the irradiated zone. Vascularization which 
occurred generally was disorganized or located in •isolated strands 
within the original vascular bundles. 
52 
In contrast to the irradiated zone, transverse sections from 
the zone above showed a highly developed vascular cylinder with much 
of the increment due to secondary :xylem being produced. The fascicu-
lar and interfascicular cambium joined in a continuous ring to produce 
an orderly arranged radial seriation of vascular tissues. Transverse 
sections from the zone below the exposed zone were similar to those from 
above except for a reduced amount of growth activity. 
longitudinal sections from the zone above showed the development 
of root papules from the cambium or its immediate derivatives. Below 
the development of such structures, a marked constriction of the :xylem 
and phloem occurred. 
A photocolorimetric method using alkaline ferricyanide was em-
ployed for the quantitative determinations of reducing sugars and, 
following bydrolyzation, sucrose and reserve polysaccharides. Results 
indicated that the exposed zone contained less carbohydrates than the 
zone above, but not always less than the tissues below the exposed 
zone. In general the evidence obtained seemed to warrant the conclusion 
that some movement of soluble carbohydrates into the irradiated zone 
occurred. 
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